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UNIT BLOCK CIRCUIT OF
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority of Korean Patent
Application No. 10-2009-0104595, filed on Oct. 30, 2009,
which 1s incorporated herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

Exemplary embodiments of the present invention relate to
a semiconductor device, and more particularly, to a unit block
circuit of a semiconductor device including a reservoir
capacitor which 1s improved to obtain efficient space utiliza-
tion within the unit block circuit formed 1n a peripheral
region.

In a semiconductor device, such as a dynamic random
access memory (DRAM), a circuit region may be divided into
a core region 1n which cells storing data are arranged, and a
peripheral region 1n which circuits related to data input/out-
put are arranged.

The peripheral region may include unit block circuits
which manage functions necessary for data input/output. The
unit block circuit 1s a unit cell 1n which transistors implement-
ing at least one logic operation are formed, and 1s also called
a leat cell.

FIG. 1 1s a layout diagram 1illustrating a structure of a
typical MOS transistor.

As shownin FIG. 1, a MOS transistor configured 1n the unit
block circuit includes a gate 10, an active region 12, and
contacts 14.

The gate 10 1s patterned on the active region 12, and por-
tions of the active region 12 on opposite sides of the gate 10
correspond to a source and a drain. The source and the drain
formed at opposite sides of the active region 12 are electri-
cally connected to a top conductive layer by the contacts 14.
In this manner, transistors each having the gate, the source,
and the drain are fabricated.

FIG. 2 1s a layout diagram 1llustrating a typical unit block
circuit comprising a plurality of MOS transistors.

The above-described transistors of FIG. 1 constitute a unit
block circuit of FIG. 2. Referring to FIG. 2, an N well 1s
formed on a P well, and a pickup unit 20 defining a rectan-
gular closed loop 1s formed in the N well. Transistors in which
one or more gates are formed on the active region 24 are
tormed within the pickup unit 20. Contacts 26 are formed 1n
the active region 24 including the source and the drain
regions.

Meanwhile, if necessary, the peripheral region may include
a reservolr capacitor so as to ensure a capacitance for poten-
tial stabilization.

The reservoir capacitor 1s designed 1n the peripheral region
in order to ensure a suificient capacitor region within semi-
conductor devices which are becoming more highly inte-
grated. In general, the reservoir capacitor has a decoupling
function.

However, as the semiconductor memory device becomes
more highly integrated, a chip size tends to be reduced and a
spare space where the reservoir capacitor can be formed 1n the
peripheral region tends to be reduced, as well.

Therefore, 1t 1s necessary to ensure a sullicient capacitance
in order to supply a more stable voltage to a semiconductor
memory device. To this end, there 1s a need to ensure a space
where reservoir capacitors can be formed 1n the semiconduc-
tor memory device.
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In the above-described unit block circuit of FIG. 2, a spare
space 28 remaining aiter the formation of the transistors
exi1sts 1n the rectangular pickup unit 20. It is necessary to seek
ways ol using the spare space 28 to ensure a capacitance.

Therefore, there 1s a need to suggest a method for forming,

a reservoir capacitor 1 a spare space defined within a unit
block circuit of FIG. 2.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention are
directed to a unit block circuit which 1s capable of obtaining
eilicient space utilization by forming a reservoir capacitor
having high space utilization efficiency within the unit block
circuit designed 1n a peripheral region.

In accordance with an exemplary embodiment of the
present mvention, a unit block circuit of a semiconductor
device includes: a first well, a first pickup unit constituting a
rectangular closed loop over the first well, a first transistor
including a first gate and a first active region, and formed
within the closed loop of the first pickup unit, and a first
reservolr capacitor formed 1n a spare within the first pickup
unit and arranged 1n a major axis direction of the first gate of
the first transistor, wherein the first reservoir capacitor
includes a second active region and a second gate, the second
gate being formed over the second active region and extend-
ing in a direction substantially equal to the major-axis direc-
tion of the first gate of the first transistor, portions of the
second active region on opposite sides of the second gate are
clectrically shorted together, the second active region has a
width substantially equal to a width of the first active region of
the first transistor, and the second gate has a width substan-
tially equal to a width of a region covering the first gate and
any other gates of the first transistor and the area between
them.

The unit block circuit may further include one or more
additional transistors and one or more additional reservoir
capacitors, corresponding to the additional transistors,
wherein the additional reservoir capacitors have active
regions of different lengths than the length of the second
active region of the first reservoir capacitor.

The unit block circuit may include an additional transistor,
wherein the second active region of the first reservoir capaci-
tor may have a width substantially equal to a width of a region
covering the first active region of the first transistor, an active
region of the additional transistor, and the area between them,
and the second gate of the first reservoir capacitor may have a
width substantially equal to a width of a gate region covering
the first gate, any gates of the additional transistor, and the
area between them.

The unit block circuit may further include a second well
tformed by impurities whose type 1s different from a type of
the first well, a second pickup unit formed over the second
well, and a second transistor and a second reservoir capacitor
formed within the second pickup unit, wherein a layout of the
second transistor and the second reservoir capacitor within
the second pickup unit mirrors a layout of the first transistor
and the first reservoir capacitor within the first pickup unait.

The unmit block circuit may further include a third well
formed by impurities whose type 1s different from a type of
the first well, a third pickup unit formed over the third well, a
third transistor formed within the third pickup umit, and a third
reservolr capacitor including a third active region and a third
gate, the third gate being formed over the third active region
and extending 1n the major-axis direction of the first gate of
the first transistor, wherein a layout of the third transistor and
the third reservoir capacitor within the third pickup unit mair-
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rors a layout of the first transistor and the first reservoir
capacitor within the first pickup unit, portions of the third
active region on opposite sides of the third gate are electri-
cally shorted together, the third active region has a width
substantially equal to a width of the second active region of
the first reservoir capacitor, and the third gate has a width
substantially equal to a width of the second gate of the first
reservolir capacitor.

In accordance with another exemplary embodiment of the
present invention, a unit block circuit of a semiconductor
device 1ncludes a first well, a first pickup unit configured to
form a closed loop over the first well, the first pickup unit
classified with first and second areas, one or more first tran-
s1stors formed within the first area of the first pickup unait, the
first transistors each comprising a first active region and a first
gate being formed over the first active region, and a first
reservolr capacitor corresponding to one of the first transis-
tors and formed within the second area of the first pickup unit
and arranged in a major-axis direction of the corresponding
first gate of the corresponding first transistor, wherein the first
reservolr capacitor comprises a second active region and a
second gate, the second gate being formed over the second
active region.

Portions ofthe second active region on opposite sides of the
second gate may be electrically shorted together.

The second active region may have a width substantially
equal to a width of the corresponding first active region of the
corresponding first transistor, and the second gate may have a
width substantially equal to a width of the corresponding first
gate of the corresponding first transistor.

The first reservoir capacitor may correspond to two or more
of the first transistors, and the second active region may have
a width substantially equal to a width of the two or more {irst
active regions of the two or more first transistors, and the
second gate may have a width substantially equal to a width of
a region covering the two or more first gates of the two or
more first transistors and the area between the two or more
first gates.

The firstreservoir capacitor may correspond to two or more
ol the first transistors, and the second active region of the first
reservolr capacitor may have a width equal to a sum of the
widths of the two or more first active regions of the two or
more first transistors, and a distance between the two or more
first active regions of the two or more first transistors.

The unit block circuit may further include a second well
formed by impurities whose type 1s different from a type of
the first well, a second pickup unit formed over the second
well, the second pickup unit classified with third and fourth
areas, and a second transistor and a second reservoir capacitor
tormed within the third and fourth areas of the second pickup
unit, respectively, wherein a layout of the third and fourth
areas of the second pickup unit mirrors a layout of the first and
second areas of the first pickup unit.

The umt block circuit may further include a third well
formed by 1mpurities whose type 1s different from a type of
the first well, a third pickup unit formed over the third well,
the third pickup unit classified with fifth and sixth areas, a
third transistor formed within the fifth area of the third pickup
unit, and a third reservoir capacitor including a third active
region and a third gate formed within the sixth area of the third
pickup umit, the third gate being formed over the third active
region and extending in the major-axis direction of the cor-
responding first gate of the corresponding {first transistor,
wherein a layout of the fifth and sixth areas of the third pickup
unit mirrors a layout of the first and second areas of the first
pickup unit.

5

10

15

20

25

30

35

40

45

50

55

60

65

4

Portions of the third active region on opposite sides of the
third gate may be electrically shorted together.

The third active region may have a width substantially
equal to a width of the second active region of the first reser-
volr capacitor, and the third gate may have a width substan-
tially equal to a width of the second gate of the first reservoir
capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a layout diagram illustrating a structure of a

typical MOS transistor.

FIG. 2 1s a layout diagram illustrating a typical unit block
circuit comprising a plurality of MOS transistors.

FIG. 3 15 a layout diagram 1illustrating a method for fabri-
cating a unit block circuit in accordance with an exemplary
embodiment of the present invention.

FIG. 4 15 a layout diagram 1illustrating a method for fabri-
cating a unit block circuit in another exemplary embodiment
ol the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Exemplary embodiments of the present invention will be
described below 1n more detail with reference to the accom-
panying drawings. The present mvention may, however, be
embodied 1n different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Throughout the
disclosure, like reference numerals refer to like parts through-
out the various figures and embodiments of the present inven-
tion.

Exemplary embodiments of the present invention are
directed to providing a technology which forms a reservoir
capacitor 1n a spare space within a pickup unit 1n a unit block
circuit of a semiconductor device.

FIG. 3 illustrates a unit block circuit of a semiconductor
device 1 accordance with an exemplary embodiment of the
present invention. Referring to FIG. 3, an N well 1s formed on
a P well. The P well and the N well are formed by implanting
P-type and N-type impurity 1ons, respectively.

A pickup unit 30 1s formed on the N well and it corresponds
to a typical guard ring. A plurality of transistors 1s formed
within the pickup unit 30. Each of the transistors includes a
gate 32, an active region 34, and contacts 36.

The respective transistors may be formed on active regions
34 having the same size and area, but FIG. 3 illustrates an
exemplary layout in which the respective transistors are
formed on active regions 34 having difierent sizes and areas.

In the active regions 34 having different sizes, the gates 32
are formed to have lengths corresponding to the size of the
respective active regions 34.

The gates 32 overlap the active regions 34, and the contacts
36 are formed 1n the active regions 34 on both sides of the
gates 32. The active regions 34 on opposite sides of the gate
32 correspond to source/drain regions, and the contacts 36 are
formed to provide electrical connections to the active regions
34.

As shown 1n F1G. 3, the transistors may be arranged side by
side, so that they extend in directions that are approximately
parallel to each other. When the transistors have different
s1zes and areas, a spare space 38 may be formed adjacent to
the smaller transistors, and a reservoir capacitor may be
formed in the spare space 38.
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The reservoir capacitor includes a gate 40, an active region
42, and contacts 44. The gate 40 and the active region 42
constituting the reservoir capacitor may be formed with
dummy patterns. In the reservoir capacitor, portions of the
active region 42 on both sides of the gate 40 are electrically
shorted together (1.¢., electrically connected together). In this
manner, the reservoir capacitor has an electrode structure in
which the gate 40 serves as a first electrode and the active
region 42 serves as a second electrode. An operating voltage
may be applied to the gate 40 of the reservoir capacitor, and a
ground voltage may be applied to the electrically shorted
active region 42.

The above-described reservoir capacitor may be formed in
a manner similar to the transistors. Moreover, a reservoir
capacitor may be formed to correspond with a particular
transistor. The active region 42 of the reservoir capacitor may
have the same width as that of the active region 34 of the
corresponding transistor, and the gate 40 of the reservoir
capacitor may have the same width as that of the gate 32 of the
corresponding transistor.

Moreover, the size of a reservoir capacitor may depend on
the size of a corresponding transistor. When the size of a
transistor 1s small, the corresponding reservoir capacitor may
be bigger. Whereas, when the size of a transistor 1s large, the
corresponding reservoir capacitor may have a smaller size.
Furthermore, the formation of the reservoir capacitor may be
omitted when the transistor 1s formed to be a particular size,
such that there 1s not enough spare space to form the reservoir
capacitor.

Moreover, when a transistor has two or more gates 32, that
1s, the transistor includes gates having a finger structure, the
gate 40 of the corresponding reservoir capacitor may be
formed to have a width approximately equal to the width of a
region covering the gates 32 and the area 1n between them.

Referring to FIG. 3, for example, the width W1 of the active
region 42 of areservoir capacitor may be approximately equal
to the width W2 of the active region 34 of a corresponding,
transistor. Furthermore, the width W3 of the gate 40 of a
reservolr capacitor may be approximately equal to the width
W4 of a gate region covering the gates 32 of a corresponding
transistor and the area between them.

As described above, the reservoir capacitor may be formed
in the spare space 38. Also, as described above, the pickup
unit 30, the transistor, and the reservoir capacitor may be
formed 1n the N well. Furthermore, a pickup unit, a transistor,
and a reservoir capacitor, formed as described above, may
also be formed 1n a P well, such that the layout/arrangement
of the pickup unait, transistor, and reservoir capacitor formed
in the P well mirrors the layout/arrangement of the same
clements formed 1n the N well.

FI1G. 4 illustrates a unit block circuit of a semiconductor
device 1n accordance with another exemplary embodiment of
the present invention. As illustrated 1n FIG. 4, an N well and
a P well may not have layouts/arrangements that mirror each
other.

Referring to FIG. 4, an active region 52 of a reservoir
capacitor having a width corresponding to the active regions
34 of two or more transistors may be formed within a pickup
unit 30 on an N well. In this case, a gate 50 of the reservoir
capacitor may be formed to have a width approximately equal
to the width of a region covering the gates 32 of the corre-
sponding transistors and the area 1n between them. Contacts
54 are formed 1n the active regions 52 on both sides of the gate
50 of the above-described reservoir capacitor, and the con-
tacts 54 are electrically shorted together to form an electrode.

In addition, transistors and reservoir capacitors, similar to
those formed within the pickup unit 30 on the N well, may be
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formed within a pickup unit formed on a P well. Further, a
reservolr capacitor may be formed 1n a spare space depending
on the size of a corresponding transistor.

In accordance with exemplary embodiments of the present
invention, the unit block circuit of the semiconductor memory
device may be formed as described above with reference to
FIGS. 3 and 4. The unit block circuit may include the reser-
volr capacitor, which may provide a capacitance for voltage
stabilization, in the spare space within the pickup unat.

Since the above-described reservoir capacitor can be pro-
vided by the umt block circuit, a capacitance that 1s suificient
to stabilize the voltage can be ensured by the unit block
circuit.

In accordance with exemplary embodiments of the present
invention, the reservoir capacitor can be formed within the
unit block circuit designed in the peripheral region of the
semiconductor device, and the capacitance required for a
stable voltage supply can be ensured, thereby maximizing the
space elficiency of the unit block circuait.

While the present invention has been described with
respect to the specific embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications

may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.

What 1s claimed 1s:

1. A unit block circuit of a semiconductor device, compris-
ng:

a first well;

a {irst pickup unit configured to form a closed loop over the

first well;

a first transistor comprising a {irst gate and a first active
region, and formed within the closed loop of the first
pickup umit; and

a first reservoir capacitor formed in a spare within the first
pickup unit and arranged 1n a major-axis direction of the
first gate of the first transistor,

wherein the first reservoir capacitor comprises a second
active region and a second gate, the second gate being,
formed over the second active region and extending 1n a
direction substantially equal to the major-axis direction
of the first gate,

portions of the second active region on opposite sides of the
second gate are electrically shorted together,

the second active region has a width substantially equal to
a width of the first active region of the first transistor, and

the second gate has a width substantially equal to a width of
a region covering the first gate and any other gates of the
first transistor and the area between them.

2. The unit block circuit of claim 1, wherein the closed loop

of the first pickup unit forms a rectangular shape.

3. The unit block circuit of claim 1, further comprising one
or more additional transistors and one or more additional
reservoir capacitors, corresponding to the additional transis-
tors, wherein the additional reservoir capacitors have active
regions of different lengths than the length of the second
active region of the first reservoir capacitor.

4. The unit block circuit of claim 1, further comprising an
additional transistor, wherein the second active region of the
first reservoir capacitor has a width substantially equal to a
width of a region covering the first active region of the first
transistor, an active region of the additional transistor, and the
area between them, and the second gate of the first reservoir
capacitor has a width substantially equal to a width of a gate
region covering the first gate, any gates of the additional
transistor, and the area between them.
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5. The unit block circuit of claim 1, further comprising:

a second well formed by impurities whose type 1s different
from a type of the first well;

a second pickup unit formed over the second well; and

a second transistor and a second reservoir capacitor formed
within the second pickup unit,

wherein a layout of the second transistor and the second
reservolr capacitor within the second pickup unit mir-
rors a layout of the first transistor and the first reservoir
capacitor within the first pickup unat.

6. The unmit block circuit of claim 1, further comprising:

a third well formed by impurities whose type 1s different

from a type of the first well;

a third pickup unit formed over the third well;

a third transistor formed within the third pickup unit; and

a third reservoir capacitor comprising a third active region
and a third gate, the third gate being formed over the
third active region and extending 1n the major-axis direc-
tion of the first gate of the first transistor,

wherein a layout of the third transistor and the third reser-
voir capacitor within the third pickup unit mirrors a
layout of the first transistor and the first reservoir capaci-
tor within the first pickup unait,

portions of the third active region on opposite sides of the
third gate are electrically shorted together,

the third active region has a width substantially equal to a
width of the second active region of the first reservoir
capacitor, and

the third gate has a width substantially equal to a width of
the second gate of the first reservoir capacitor.

7. A unit block circuit of a semiconductor device, compris-

ng:

a first well;

a first pickup unit configured to form a closed loop over the
first well, the first pickup unit classified with first and
second areas:

one or more first transistors formed within the first area of
the first pickup unait, the first transistors each comprising
a first active region and a first gate being formed over the
first active region; and

a first reservoir capacitor corresponding to one of the first
transistors and formed within the second area of the first
pickup unit and arranged 1n a major-axis direction of the
corresponding first gate of the corresponding first tran-
sistor,

wherein the first reservoir capacitor comprises a second
active region and a second gate, the second gate being
formed over the second active region,

wherein the second gate has a width substantially equal to
a width of the corresponding first gate of the correspond-
ing {irst transistor.

8. The unit block circuit of claim 7, wherein portions of the
second active region on opposite sides of the second gate are
clectrically shorted together.

9. The unit block circuit of claim 7, wherein the second
active region has a width substantially equal to a width of the
corresponding first active region of the corresponding first
transistor.

10. The unit block circuit of claim 7, further comprising:

a second well formed by impurities whose type 1s different
from a type of the first well;

a second pickup unit formed over the second well, the
second pickup unit classified with third and fourth areas;
and

a second transistor and a second reservoir capacitor formed
within the third and fourth areas of the second pickup
unit, respectively,

wherein a layout of the third and fourth areas of the second
pickup unit mirrors a layout of the first and second areas
of the first pickup unit.
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11. The unit block circuit of claim 7, further comprising;
a third well formed by impurities whose type 1s difierent
from a type of the first well;

a third pickup unit formed over the third well, the third
pickup umit classified with fifth and sixth areas;

a third transistor formed within the fifth area of the third
pickup umit; and

a third reservoir capacitor comprising a third active region
and a third gate formed within the sixth area of the third
pickup umt, the third gate being formed over the third
active region and extending 1n the major-axis direction
of the corresponding first gate of the corresponding first
transistor,

wherein a layout of the fifth and sixth areas of the third
pickup unit mirrors a layout of the first and second areas
of the first pickup unit.

12. The unit block circuit of claim 11, wherein portions of
the third active region on opposite sides of the third gate are
clectrically shorted together.

13. The unit block circuit of claim 11, wherein the third
active region has a width substantially equal to a width of the
second active region of the first reservoir capacitor, and the
third gate has a width substantially equal to a width of the
second gate of the first reservoir capacitor.

14. A unit block circuit of a semiconductor device, com-
prising:

a well;

a pickup unit configured to form a closed loop over the
well, the pickup umt classified with first and second
areas;

two or more transistors formed within the first area of the
pickup unit, the transistors each comprising a first active
region and a {irst gate formed over the first active region;
and

a reservolr capacitor corresponding to the transistors and
formed within the second area of the pickup unit and
arranged 1n a major-axis direction of the first gates of the
two or more transistors, wherein the reservoir capacitor
comprises a second active region and a second gate
formed over the second active region,

wherein the second active region has a width substantially
equal to a width of the two or more first active regions of
the two or more transistors, and the second gate has a
width substantially equal to a width of a region covering
the two or more first gates of the two or more transistors
and the area between the two or more first gates.

15. A unit block circuit of a semiconductor device, com-

prising:

a well;

a pickup unit configured to form a closed loop over the
well, the pickup unit classified with first and second
areas;

two or more transistors formed within the first area of the
pickup unit, the transistors each comprising a first active
region and a {irst gate formed over the first active region;
and

a reservolr capacitor corresponding to the transistors and
formed within the second area of the pickup unit and
arranged 1n a major-axis direction of the first gates of the
two or more transistors, wherein the reservoir capacitor
comprises a second active region and a second gate
formed over the second active region,

wherein the second active region has a width equal to a sum
of the widths of the two or more first active regions of the
two or more transistors, and a distance between the two
or more first active regions of the two or more transis-
tors.




	Front Page
	Drawings
	Specification
	Claims

